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TITLE: DISPLAY DEVICE AND METHODS OF MANUFACTURE AND CONTROL 



This application claims the benefit of U.S. Provisional Application No. 60/252,247. 
filed November 21 . 2000, which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
5 1. Technical Field of the Invention 

The invention relates to arrangements for selectively providing power to one or more 
of a plurality of electrodes, and to devices Including such anrangements. More particularly, 
the invention relates to display devices and means or methods for selectively providing power 
to one or more electrodes of such devices. 

10 

2. Background of the Related Art 

Liquid crystal display devices operate by placing an electric field across portions of a 
liquid crystal material In order to locally alter the light transmissibility of the material. 
Electrodes are placed on opposite sides of the material. The electrodes may include arrays 

15 of row on column electrodes on respective sides of the material, a pixel of the display being 
operated by selectively supplying or withholding power to the row and column electrodes 
corresponding to the pixel. Alternatively, there may be electrodes on one side the material, 
corresponding to respective of the pixels, with the opposite side of the material having a 
single large electrode. The pixels are operated by selectively supplying or withholding power 

20 from the conresponding electrode. 

Mal<ing connections to the electrodes to enable selective activation of the electrodes 
may involve complicated structures which are difficult and expensive to fabricate. In addition, 
there is increased interest in faster, low-power displays, for example for use in displaying 
video in portable devices. 

25 From the foregoing it will be appreciated that a need exists for improved display 

devices. 

SUMMARY OF THE INVENTION 
A flexible display device has one or more flexible electrode assemblies. Each of the 
30 electrode assemblies includes a hierarchical control anrangement for selectively activating 
electrodes of the display device. The hierarchical control arrangement includes high-level 
control elements and low-level control elements, each of the high-level control elements 
being operatively coupled to respective subsets of the low-level control elements, which in 

-1- 
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turn are coupled to respective groups of the electrodes. Exemplary control elements are 
microstructure elements containing imbedded microprocessors or integrated circuits. The 
use of a hierarchical control anrangement results in data signals having to pass through fewer 
control elements when compared with single-level arrangements. This increases operation 

5 speed and reduces power losses due to voltage drops across control elements. In addition, 
the number of connections to device(s) extemal to the display may thereby be reduced. 

According to an aspect of the invention, a liquid crystal display includes a plurality of 
electrodes; and a multilevel, hierarchical control arrangement for selectively providing power 
to one or more the electrodes, the control an-angement including a plurality of low-level 

10 control elements connected to respective of the electrodes, and a plurality of high-level 
control elements operatively configured to be coupled to a power source and a reference 
voltage source or ground, wherein each of the high-level control elements is coupled to a 
respective subset of the low-level control elements. 

According to another aspect of the invention, a method for selectively activating one 

15 of a plurality of electrodes of a display, includes the steps of sending a data signal through 
high-level control elements of a multilevel, hierarchical control arrangement, the data signal 
conresponding to one of the high-level control elements; routing the data signal through a 
subset of a plurality of low-level control elements, the subset of the low-level elements 
conresponding to and operatively coupled to the one of the high-level control elements, the 

20 data signal conresponding to one of the subset of the low-level elements; and activating the 
electrode, which is connected to the one of the subset of the low-level elements. 

According to yet another aspect of the invention, a flexible liquid crystal display 
includes first and second flexible electrode assemblies on opposite sides of a layer of liquid 
crystal material, wherein the first electrode assembly includes a plurality of row electrodes 

25 and the second electrode assembly includes a plurality of column electrodes. 

According to still another aspect of the Invention, a method of manufacturing a liquid 
crystal display includes the steps of fomning on a flexible substrate a plurality electrodes and 
a control an^angement for selectively providing power to the electrodes, thereby fomning 
electrode assemblies; and laminating a pair of the electrode assemblies together with a liquid 

30 crystal material therebetween, wherein one of the electrode assemblies includes a plurality of 
row electrodes and the other of the electrode assemblies includes a plurality of column 
electrodes. 

According to a further aspect of the invention, a method of forming an electrode 
assembly includes the steps of attaching a plurality of control elements to a substrate; 
35 coupling a plurality of electrodes to the substrate; and operatively coupling the control 
elements to the electrodes so as to form a hierarchical control arrangement for selectively 
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providing power to tlie electrodes. 

According to a still further aspect of thie invention, a liquid crystal display includes a 
plurality of electrodes; multiple control elements, wherein each of at least some of the control 
elements are operatively coupled to a respective set of the electrodes; conductive pads for 

5 external connection to provide power, ground, and signals to the display, wherein the 

conductive pads are operatively coupled to the control elements; and a system of conductive 
interconnects for operatively coupling the conductive pads to the control elements, and for 
operatively coupling the control elements to the electrodes, wherein the conductive 
interconnects do not overlap one another. 

10 To the accomplishment of the foregoing and related ends, the invention comprises 

the features hereinafter fully described and particularly pointed out in the claims. The 
following description and the annexed drawings set forth in detail certain illustrative 
embodiments of the invention. These embodiments are indicative, however, of but a few of 
the various ways in which the principles of the invention may be employed. Other objects, 

15 advantages and novel features of the invention will become apparent from the following 
detailed description of the invention when considered In conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the annexed drawings: 
20 Fig. 1 is an exploded perspective view of a display device of the present invention; 

Fig. 2 is a cross-sectional view of the display device of Fig. 1 ; 
Fig. 3 is a perspective view of one of the electrode assemblies of the display device of 
Fig. 1 . conceptually illustrating its hierarchical control an^ngement; 

Fig. 3A is a cross-secHonal view of one of the electrode assemblies of the display 
25 deviceof Fig. 1; 

Fig. 4 is a perspective view of a microstructure element for use in the hierarchical 
control anrangement of Figs. 3 and 3A; 

Fig. 5 is a plan view of the microstructure element of Fig. 4; 
Figs. 6 and 7 are plan views of the connections of a column electrode arrangement of 
30 thedeviceof Fig. 1; 

Fig. 8 is a plan view of the connections of a row electrode arrangement of the device 
of Fig. 1; 

Fig. 9 is a high-level flow chart for a method for constructing the display device of Fig. 

1;and 

35 Figs. 10-16 illustrate various of the steps of the method of Fig. 9. 
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DETAILED DESCRIPTION 
A display device, such as a liquid crystal display (LCD), includes electrodes 
selectively driven by a hierarchical control arrangement. The hierarchical control 
arrangement includes high-level control elements and low-level control elements, each of the 

5 high-level control elements being operatively coupled to respective subsets of the low-level 
control elements. The control elements may be microstructure elements such as small 
semiconductor elements containing imbedded integrated circuits. A display with electrodes 
driven by a hierarchical control an^angement has many advantages over prior display 
devices: the hierarchical control arrangement allows driving of a larger number of pixels 

10 faster and with lower power loss; fewer external connections are required than with previous 
switching arrangements; and reduced tolerances in making connections allows for enhanced 
manufacturability. 

Refemng initially to Figs. 1 and 2, the basic structure of a display device, such as an 
LCD device 10, is shown. The LCD device 10 includes a top electrode assembly 12 and a 

15 bottom electrode assembly 14. with a liquid crystal material assembly 16 therebetween. The 
top and bottom electrode assemblies 12 and 14 include respective substrates 22 and 24, 
with respective electrode layers 26 and 28 on faces of the substrates. The substrates 22 and 
24 may be made of any of a variety of suitable materials, for instance being made of plastic, 
silicon, or glass. The material for the substrates 22 and 24 may be a flexible material, such 

20 as a flexible plastic, for example including a material selected from the group of polyether 
sulfone (PES), polyethylene terephthalate, polycarbonate, polybutylene terephthalate, 
polyphenylene sulfide (PPS), polypropylene, aramid, polyamide-imide (PAi), polylmide, nylon 
material (e.g., poiyamide), aromatic polyimides, polytherimide, acrylonitrile butadiene styrene, 
and polyvinyl chloride. Alternatively, the substrates 22 and 24 may be a rigid material such 

25 as glass. Further details regarding some suitable substrates and substrate materials may be 
found in International Publication Nos. WO 00/46854, WO 00/49421, WO 00/49658, WO 
00/55915, and WO 00/55916, the entire disclosures of which are herein incorporated by 
reference. 

As described in greater detail below, the electrode layers 26 and 28 each include 
30 electrodes, a hierarchical control an-angement for selectively providing power to the 

electrodes, and connections such as metal traces for operatively coupling the hierarchical 
control anrangement to the electrodes. The top electrode assembly 12 may have a coating 
30, for example a protective coating or an anti-reflective coating, on a face of the substrate 
22 which is opposite the electrode layer 26. The bottom electrode assembly 14 has an 
35 opaque coating, such as a black coating 34, on a face of the substrate 24 which is opposite 
electrode layer 28. 
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The liquid crystal material assembly 16 includes a liquid crystal material 36 enclosed 
by top and bottom boundary materials 40 and 42. The liquid crystal material 36 may be any 
of a large variety of suitable materials and/or additives. An exemplary suitable liquid crystal 
material is a zero field multistable cholesteric liquid crystal mix, such as described in U.S. 
5 Patent No. 5,889,566, which is incorporated herein by reference. Displays including field 
multistable liquid crystal display (FMLCD) technology have many advantages, such as 
inherent stability in the display without the need to refresh the display, thus allowing a display 
that can maintain an image in a no-power mode; excellent sunlight readability; and fast 
switching operation, for example on the order of 30 milliseconds per frame; and the ability to 
10 display various gray scales. 

It will be appreciated that other suitable liquid crystal materials may be employed, 
such as twisted nematic, super twisted nematic, double super twisted nematic, and 
ferroelectric materials. 

An exemplary material for the boundary layers 40 and 42 is a polyimide. The 
15 boundary materials 40 and 42 are used to contain the liquid crystal material 36. and to 
anchor the liquid crystal material assembly 16 to the electrode assemblies 12 and 14. The 
boundary materials 40 and 42 may have an index of refraction that substantially matches the 
corresponding index of refraction of the electrode layers 26 and 28. and/or the index of 
refraction of the substrates 22 and 24. The boundary materials 40 and 42 may have an 
20 alignment feature, for example being rubbed in a pre-selected direction or directions, to 
provide a pre-alignment to the liquid crystal material 36 at the boundary between the liquid 
crystal material and one or both of the boundary materials 40 and 42. 

As Is conventional, one of the electrode assemblies 12 and 14 may contain row 
electrodes, with the other of the electrode assemblies containing column electrodes. A pixel 
25 of the LCD device 1 0 may be activated by providing power to particular row and column 
electrodes corresponding to the pixel. This causes re-alignment of the liquid crystal material 
in the vicinity of the pixel, which in turn causes a change in the light transmissibility of the 
liquid crystal material in the vicinity of the pixel. 

Turning now to Fig. 3, the bottom electrode assembly 14 is illustrated in greater 
30 detail, with a conceptual view of Its hierarchical control arrangement 50. The hierarchical 
control arrangement 50 is used to operatively couple electrodes 52 to external connections, 
such as conductive pads 56. The conductive pads 56 are used to couple the bottom 
electrode assembly 14 to external devices such as an external power source, a ground, 
and/pr a means for providing data for selective activation of the electrodes 52 (e.g., a 
35 processing unit of a computer). The hierarchical control arrangement 50 includes high-level 
control elements 60 and low-level control elements 62. The control elements of the 
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hierarchical control arrangement 50 are coupled to one another and to the electrodes 52 
and the external connections 56 by an an-ay of metal traces 66. As described further below, 
electrodes 52, the conductive pads 56, and/or the traces 66, may be formed and may be 
coupled to the control elements of the hierarchical control arrangement 50, by means of 

5 conventional, well-known lithographic processes. 

In the hierarchical control an-angement 50, the high-level control elements 60 are 
coupled to one another and to one or more of the external connections 56. Each of the 
high-level control elements 60 is coupled to respective groups of the low-level control 
elements 62. Each of the low-level control elements 62 Is in tum coupled to a respective 

10 subset of the electrodes 52. Thus, for example, each of the high-level control elements 60 
may be coupled to a given number of the low-level control elements 62, for example being 
coupled to four of the low-level control elements, with each of the low-level control element 
62 in tum coupled to a given number of the electrodes 52, for example being coupled to 
eight electrodes. It will be appreciated that the hierarchical control arrangement 50 may 

15 operate to reduce the number of control elements which a signal passes through between 
the external connections 56 and various of the electrodes 52, as compared to a single-level 
an'ay of control elements. 

The high-level control elements 60 may all be substantially identical to one another. 
Similarly, the low-level control element 62 may all be substantially identical to one another. 

20 The high-level control elements 60 may be of a different type than the low-level control 
elements 62 for example having different configuration, size, and/or functionality. 
Alternatively, it will be appreciated that the high-level control elements may be substantially 
identical to the low-level control element 62. Further, it will be appreciated that the high- 
level control element 60 and/or the low-level control element 62 may include non-identical 

25 control elements. 

The hierarchical control arrangement 50 and the control elements 60 and 62 may be 
configured such that a variety of control signals may be sent for selectively activating or 
deactivating one or more of the associated electrodes. For example, signals may be sent to 
activate or deactivated individual of the pixels of the display. As another example, a signal 

30 or signals may be sent to activate or deactivate an entire row or column of pixels. As a third 
example, the control arrangement 50 may be configured such that a single signal clears the 
entire display. 

Referring to Fig. 3A. the bottom electrode 14 may have multiple flexible layers 67, 
68, and 69 for providing electrical connection to the control elements 60 and 62. For 
35 example, the first flexible layer 67 may include transparent electrodes and transparent 

interconnects for coupling each electrode to its respective interconnect on its respective low- 
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level control element 60. The first flexible layer 67 may also include vias to allow electrical 
connection between the control elements 60 and 62, and electrical interconnects in 
overlying flexible layers, such as the layers 68 and 69. The overiying layers 68 and 69 may 
include other electrical interconnects, for example for coupling the low-level control elements 
5 60 to their corresponding high-level control elements 62, or for coupling various of the high- 
level control elements 62 together. There may be overiap between interconnects of the 
different layers. 

The flexible layers 67, 68, and 69 may be flexible tape automated bonding (TAB) 
tapes with conductive interconnects on them. For example, the flexible layers 67, 68, and 

10 69 may be made of a flexible material, such as a flexible plastic, for example including a 
material selected from the group of polyether sulfone (PES), polyethylene terephthalate, 
. polycorbonate, polybutylene terephthalate, polyphenylene sulfide (PPS), polypropylene, 
aramid, polyamide-imide (PAI), polyimide, nylon material (e.g., polyamide), aromatic 
polyimides. polytherimide, acrylonltrile butadiene styrene, and polyvinyl chloride. The 

15 electrical Interconnects on the flexible layers 67, 68, and 69 may include common materials 
such as aluminum, copper, gold, silver, conductive organic compounds, or other organic 
materials such as indium tin oxide. A typical thickness for the conductive interconnects is 
from 1000 Angstroms to 1 micron. The conductive interconnects, including the layers of 
conductive material and the vias (with the associated conductors running therethrough), 

20 may be created by various suitable known techniques for applying conductive films and 
patteming these films onto surfaces or into vias. For example, techniques used for creating 
tape automated bonding (TAB) tape in the semiconductor industry may be used to create 
flexible interconnect layers. Tape automated bonding Is a known method of making 
connections to the interconnection pads of integrated circuits, In which a length of flexible 

25 material ("tape") carries a series of interconnection arrays. Each array includes a number of 
etched metal leads, each of the leads being anranged for bonding with a respective 
interconnection pad of a circuit. The bond between each beam and Interconnection pad 
may be made via a terminal (known as a "bump") which is formed either on the 
interconnection pad or at a corresponding location on the lead. The use of TAB tape 

30 facilitates automation of the bonding process. Further infomnation regarding TAB tapes may 
be found for example in U.S. Patent No. 5,223,321, the entire disclosure of which is 
incorporated by reference. 

Each of the flexible layers 67, 68, and 69 may be separately fabricated, and then 
sequentially deposited on one another, and then applied to the substrate 24. Alternatively, 

35 the first flexible layer 67 may be initially applied to the substrate 24, with the overiying 
flexible layers 68 and 69 then applied thereupon. 
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Further details regarding the configuration and methods of fomning the electrodes 
may be found in the above-referenced International Publication Nos. WO 00/46854, WO 
00/49421. WO 00/49658, WO 00/55915, and WO 00/55916. 

It will be appreciated that other substrates and/or means of adhering control 
5 elements may be utilized. For example, control elements may be bonded or otherwise 
coupled to a glass display substrate using well-known chip on glass (COG) techniques. 
One example of such COG techniques may be found in U.S. Patent No. 5,726,726, the 
entire disclosure of which is incorporated by reference. It will be appreciated that other 
suitable methods for producing flat displays, for example Including glass substrates, may 

10 alternatively be utilized. 

The control elements 60 and 62 may be microstructure elements. An exemplary 
microstoicture element 70 Is illustrated in Fig. 4. The microstructure element 70 has a 
semiconductor body 72. for example being made out of silicon. The semiconductor body 72 
has beveled edges 74 and 76, cut for example at an angle of 54.7 degrees relative to a top 

15 surface 80 and a bottom surface 82 of the semiconductor body. The microstructure element 
70 thus has trapezoidal-shaped cross-sections along its major axes, with the top surface 80 
larger than the bottom surface 82. The microstructure element 70 has contacts 88 (also 
refenred to as "connection points") along the top surface 80, the contacts providing a means 
for electrical connection to burled electronic elements, such as a suitable combination of 

20 field effect transistors (FETs) and capacitors, within the semiconductor body 72. Thus the 
microstructure element 70 may include a simple microprocessor, such as a four-bit 
microprocessor with a limited command set. The contacts 88 allow power, data, etc., to be 
input into and output out of the buried microprocessor. 

Although the control elements 60 and 62 may themselves be rigid, the flexible 

25 substrates 22 and 24 with the control elements therein may still be flexible because the 
control elements may be small compared to the size of the substrate and to the amount the 
substrate flexes. 

The microstructure element 70 may be symmetric in that its configuration may be the 
same if it is rotated by a multiple of 90 degrees about an axis running from the top surface 

30 80 to the bottom surface 82. More broadly, the microstructure element may be functionally 
symmetric over a plurality of rotational orientations, thus enabling the microstructure 
element 70 to have a predetermined function Independent of the orientation of the 
microstructure element when mounted in a correspondingly-shaped recess, such as a 
recess in the substrate 24. For example, microstructure elements may have any of a variety 

35 of polygonal shapes having symmetry, such as a triangles, squares, rectangles, 

parallelograms, pentagons, or hexagons. Thus both the semiconductor body 72 and the 
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contacts 88 may be symmetric regarding such rotation. Tlie semiconductor body 72 may 
have a substantially square shape. 

IVIicrostructure elements for use as control elements 60 and 62 may be small, for 
example, having a maximum width of about 200 microns or less. Two sizes of 
5 microstructure elements may be employed. In an exemplary embodiment the high-level 
control element 60 may have a width of 185 microns, and the low-level control element 62 
may have a width of 77 microns. The different sizes of microstructure elements may have 
different designs and/or different modes of operation. It will be appreciated that the sizes 
given above are only examples, and that the microstructure elements may be have one or 

10 more of a wide variety of sizes. Further, it will be appredated that alternatively or in 
addition, high-level microstructure elements may have a different shape than low-level 
microstructure elements. 

As explained in greater detail below, microstructure elements for use as the control 
elements 60 and 62 may be deposited in corresponding recesses in the substrate 24 by a 

15 fluid self-assembly (FSA) process, in which one or more slurries containing the 

microstructure elements are flowed over the substrate, with the microstructure elements 
settling into the con^espondlng recesses in the substrate. Where different sizes of 
microstructure elements are employed, the sizes may be selected such that the larger 
microstructure elements are too large to fit into the recesses intended for the smaller 

20 microstructure elements, and such that any of the smaller microstructure which would fail 
into the recesses intended for the larger microstructure elements would be swept out of 
such recesses by hydrodynamic forces generated by the flow of the slunry over the 
substrate. 

Fig. 5 is a plan view of the microstructure element 70, illustrating an example of 
25 connections between various of the contacts 88 to enable the microstructure element 70 to 
function substantially identically regardless of the orientation of the microstructure 70 within 
a corresponding recess. A first set 90 of the contacts 88 are electrically connected to one 
another by means of conductive traces or connections 92, 94, and 96. Similariy, a second 
set of contacts 100 are electrically conducted to one another by means of conductive traces 
30 or connections 1 02, 1 04, and 1 06. Each of the first set of contacts 90 is at the same 
location along respective of sides 1 1 0 of the top surface 80 of the microstructure element 
70. Similarly, each of the second set of contacts 100 is con^espondingly oriented along 
respective of the sides 110. Thus, by electrically coupling the sets 90 and 100 of the 
contacts 88 together, operation of the microstructure element 70 is substantially the same, 
35 regardless of which of the first set 90 and which of the second set 100 of the contacts are 
connected to an external device or devices. In other words the microstructure element 70 
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Will have substantially the same operation for any orientation of it within a correspondingly- 
shaped recess. 

As can be seen in Fig. 5, the conductive traces may be laid out so as to minimize the 
need for passing one of the traces over or under another of the traces. This simplifies 
5 manufacture of the microstructure elements, it will be appreciated that the layout of the 
conductive traces shown in Fig. 5 is merely exemplary, and that a variety of suitable other 
layouts may alternatively be employed. 

It will be appreciated that the microstructure element 70 may be operatively 
configured to detect its orientation by determining which of the contacts 88 are receiving one 

10 or more types of signals. Once the microstructure element 70 has determined its 
orientation, it may be able to suitably adjust its operations. 

Further details regarding microstructure elements may be found in the above- 
referenced International Publication Nos. WO 00/46854, WO 00/49421, WO 00/49658. WO 
00/55915, and WO 00/55916. 

15 Fig. 6 shows an example of low-level connections of the hierarchical control 

an-angement 50. Each of the low-level control element 62 is operatively coupled to a 
respective set of the electrodes 52. In the illustrated embodiment, each of the low-level 
control element 62 is coupled to eight of the electrodes 52. However, it will be appreciated 
that each low-level control element may be coupled to a larger or smaller number of 

20 elements. Further, it will be appreciated that alternatively different of the low-level control 
element 62 may be coupled to a different number of the electrodes 52, if desired. 

The low-level control elements 62 are coupled to the electrodes 52 by means of an 
an-ay of conductive paths, such as element-electrode conductive traces 120. Serial, power, 
and reference voltage (ground) connections are made to the low-level control elements 62, 

25 from the high-level control elements 60, via conductive traces 126. which also make 

connections between various of the low-level control element 62. The conductor traces 120 
and 126, and/or the electrodes 52, may be fonmed by selective etching of a deposited metal 
layer, as described in further detail below. Serial control signals are provided to the low- 
level control elements 62 to signal which of the low-level control elements are to provide 

30 power to their corresponding electrodes, and to which of the electrodes they are to provide 
power to. Thus a signal connection from one of the high-level control elements 60 is passed 
between various low-level control elements 62, and is used to selectively provide power to 
desired electrodes of the electrodes 52. 

Tuning now to Fig. 7 an expanded view is shown of the hierarchical control 

35 arrangement 50 for selectively providing power to various of the column electrodes 52. The 
conductive pads 56 are used to provide power, reference voltage (ground), and clock and 
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data signals to the high-level control element 60. The conductive pads 56 include a ground 
pad 132, and clock or signal pads 134 and 136, and a power pad 138. The conductive pads 
56 are operably coupled to one or more devices which are external of the LCD device 10, 
such as a power source and a processor or controller for generating signals to selectively 
5 activate one or more of the column electrodes 52. As shown In Fig. 7, only four conductive 
pads are required for external electrical connection. The pads may thus be rather large, 
facilitating manufacture and connection to external devices. 

Pad-element traces 140 electrically couple the conductive pads 56 to one of the 
high-level control elements 60. Conductive traces 144 are used to serially couple together 

10 the high-level control elements 60. In addition, conductive traces 150 are employed to 
connect the high-level control element 60 with con*esponding groups of low-level control 
element 62. Through this arrangement power and ground are provided to all of the control 
elements of the hierarchical control arrangement 50, from the conductive pads 56 through 
the high-level control element 60, to the low-level control element 62. 

1 5 Data signals for selectively providing power to one or more of the column electrodes 

52 are similarly passed to the hierarchical control arrangement 50 (Fig. 3). The data signals 
may be control signals such as synchronous data clock signals. The data signals are 
passed from the conductive pads 56 through the high-level control element 60. The data 
signals cause one or more of the high-level control element 60 to pass a signal along to a 

20 group of low-level control element 62 which con^espond to the respective high-level control 
element. The signal which is passed along to the corresponding low-level control element 
62 in turn signals one or more of the conresponding low-level control elements to provide 
power to one or more of respective sets of the column electrodes 52 which are operatively 
coupled to that low-level control element. 

25 The hierarchical control an^angement 50 shown in Fig. 7 has significant advantages 

over a single-level control arrangement which has a large number of control elements 
coupled together In series. The advantages of the hierarchical control an^ngement 50 stem 
from the data signals and power having to pass through fewer control elements. In a single- 
level an^angement, a signal to activate an electrode at the farthest point from the conductive 

30 pads must pass through every intervening control element. This may be impractical, both in 
terms of the time required to pass through all of the control elements, and in tenms of the 
voltage drop that necessarily occurs when passing through a control element By contrast, 
in a hierarchical control arrangement, a data signal for activating the electrode farthest from 
the conductive pads need only pass through the high-level control elements 60, and those of 

35 the low-level control elements 62 which conrespond to the last of the high-level control 
elements 60. There are far fewer high-level control elements in a hierarchical control 
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arrangement than there would be total control elements In a single-level arrangement. For 
example, in the embodiment illustrated in Fig. 7, there are four corresponding low-level 
control elements 62 for each of the high-level control element 60. Therefore, comparing this 
to a corresponding single-level arrangement, a data signal for activating the farthest 
5 electrode would pass through approximately one-fourth the number of control elements. 
This could be accomplished with approximately one-fourth the voltage drop and in 
approximately one-fourth the time, therefore effectively quadrupling the speed of the device. 
The benefits of increased speed may be especially important in speed-critical applications, 
for example in displaying video signals, 

10 Turning now to Fig. 8, a hierarchical control arrangement 150 is illustrated for use in 

selectively providing power to one or more of a plurality of row electrodes 1 52. Conductive 
pads 154 provide power, reference voltage (ground), and clock and/or data signals for 
selectively providing power to one or more of the row electrodes 152 via the hierarchical 
control arrangement 150, which Includes high-level control elements 160 and low-level 

15 control elements 162. Suitable conductive connects, such as conductive traces, may be 
used to suitably electrically couple the conductive pads 154, the control elements 160 and 
162, and the row electrodes 152. The connections and operation of the hierarchical control 
anrangement 150 may be similar to those of the hierarchical control an^ngement 50 
described above for selectively actuating the column electrodes 52. 

20 The conductive traces used for coupling the various elements shown in Figs. 7 and 8 

may be produced using lithographic means, as described in greater detail below. In 
addition, the conductive pads and the electrodes themselves may also be fonmed by 
lithographic means, either in the same step as Is used to fomi the conductive traces, or in a 
different step or steps. 

25 The conductive pads 56 of the column electrode assembly and the conductive pads 

154 of the row electrode assembly may be located so that they overlap when the LCD 
device 10 is assembled. This overlapping may facilitate simplified connection of the LCD 
display to external devices such as a power supply and a controller. It would be appreciated 
that the relatively large size of the conductive pads 56 and 154 allows a lower tolerance to 

30 be used in connecting them, since the conductive pads 56 will overlap the conductive pads 
154 to some extent even if there is some misalignment of the two sets of conductive pads. 
The conductive pads 56 may be electrically coupled to the conductive pads 154 by use, for 
example, of a suitable conductive paste. 

Turning now to Fig. 9, a flow chart shows steps for a method 200 of producing the 

35 LCD device 10 shown and described above. 

In step 202 of the method 200. as illustrated in Figs. 10 and 1 1 , a substrate material 
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204 has suitable receptor holes 206 formed therein. The receptor holes preferably have a 
suitable shape or shapes for receiving the control elements such as the microstructure 
element 70 shown in Fig. 4 and described above. The substrate materia! 204 may be a 
flexible plastic material, and the receptor holes 206 may be formed in the substrate material 
5 204 by a roll process such as is illustrated in Fig. 11, wherein a heated press 208 is used to 
stamp the receptor holes in the substrate. Further details regarding roll processes, such as 
roll-to-roll manufacturing techniques, may be found in U.S. Patent No. 6.067.016, which is 
incorporated herein by reference in its entirety. 

It will be appreciated that alternatively other substrate material and/or other methods 

10 of forming receptor holes therein, may be utilized. For example, the holes may be stamped, 
molded, etched, or laser drilled, a suitable method being selected based on the substrate 
material used. A preferred process for forming holes of precise shape and location in 
plastic substrates, is the continuous micro-embossing process disclosed in U.S. Patent Nos. 
4,478,769; 4,601,861; and 4.633,567; the entire disclosures of which are incorporated by 

15 reference. 

In step 210 microstmcture elements are placed in the receptor holes 206 of the 
substrate material 204. The placement of the microstructure elements 70 in the receptor 
hole 206 may be accomplished by a fluid self-assembly (FSA) process, such as the FSA 
process illustrated in Figs. 12 and 13. In the FSA process a large number of the 

20 microstructure elements 70 are added to a fluid, creating a sluny 214. The slurry is sprayed 
on or otherwise flowed over the substrate material 204. As the slunry 214 flows over the 
substrate 204, by chance some of the microstmcture elements 70 fall into the receptor holes 
206. Once one of the microstructure elements 70 falls into one of the receptor holes 206, 
the microstructure element is retained in the close-fitting receptor hole by hydrodynamic 

25 forces. Further details regarding FSA processes may be found in U.S. Patent Nos. 
5,545,291 and 5,904,545, the entire disclosures of which are herein incorporated by 
reference. After the FSA process the substrate 206 may be checked for empty recessed 
regions, for example using an electronic eye attached to a machine capable of viewing the 
surface of the substrate material. Empty recessed regions may be filled, for example by 

30 using a robot to place a control element therein. 

As illustrated in Fig. 13, the FSA process may be performed as a roll operation by 
pulling the substrate material 204 through a bath of the slurry 214. Vacuum devices 220 
and 224 may pull excess fluid and/or impurities off the substrate material 204 at the start 
and end of the FSA process. Spray devices 222 may be utilized to spray the slurry 214 onto 

35 the substrate material 204. The rate at which the slurry 214 is sprayed onto the substrate 
material 204 may be such that the number of microstructure elements 70 flowing past any 
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given area of the substrate material 204, is several times (e.g., seven times) the number of 
the receptor holes 206 in that area of the substrate material 204. An excess number of the 
microstmcture elements 70 may be required In order to obtain full filling of the receptor 
holes 206. The slunry 214 with excess of the microstnjcture elements 70 may generally be 
5 reused, since the microstructure elements generally do not suffer damage by collision with 
the substrate material 204 or with each other, due to hydrodynamic forces. 

An FSA process may be used for filling receptor holes of two different sizes with 
microstmcture elements of two different sizes, the microstructure elements of one size for 
example having a different design or function than the microstructure elements of the other 

1 0 size. For filling operations with two different sizes of holes, it will be appreciated that the 
larger microstructure elements are unable to fit into the smaller receptor holes, and that 
hydrodynamic forces tend to cause the smaller microstructure elements to be pulled out of 
any of the larger receptor holes that the smaller microstructure elements happen to fall into. 
If microstructure elements of different sizes are employed, a siuny containing microstructure 

1 5 elements of one size may be sprayed on the substrate material 206 from a different of the 
spray devices 222 than the spray device 222 that is used to spray a slunry containing 
microstmcture elements of another size. 

Thereafter in step 230, illustrated in Fig. 14, a planarization layer 232 Is deposited on 
top of the substrate material 204. The planarization layer 232 secures the microstmcture 

20 elements 70 In place within the receptor holes 206, fills gaps between the microstmcture 
elements and the substrate material 204, and provides a smooth upper surface for further 
operations. 

In step 240, vias 242 are formed in the planarization layer 232 to enable connections 
to be made with the contacts 88 of the microstmcture element 70. The vias 242 are 
25 illustrated in Fig. 15, and may be formed by suitable etching processes, for example suitable 
photolithographic processes. 

Thereafter, as illustrated in Fig. 16. in step 250 a conductor layer 252 is deposited 
and patterned selectively removed to fornn the conductor traces, conductive pads, and/or the 
electrodes, where desired. The depositing may be accomplished by a variety of well-known 
30 methods of depositing a conductor, such as a metal, for example chemical vapor deposition 
and sputtering. The selective removal of the conductive layer may be accomplished by any 
of a variety of suitable etching techniques, for example photolithographic techniques. 

Finally, the LCD device 10 is laminated together in step 270, thus forming the device 
illustrated in Fig. 1 . The lamination may be accomplished by any of a variety of well-known 
35 techniques. An example of a suitable method for laminating flexible substrates having row 
and column electrodes, such that the electrodes are in registered alignment, may be found 
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in U.S. Patent No. 5,062,916, the entire disclosure of which is herein incorporated by 
reference. Alternatively, it will be appreciated that the electrode assemblies may be joined 
to opposite sides of the liquid crystal material assembly 16 by any of a variety of other 
suitable techniques or processes. 

5 It will be appreciated that the above-described LCD device 1 0 with hierarchical 

control arrangements, is but one example of the many applications for such hierarchical 
control arrangements. Moreover, it will be appreciated that many variations are possible on 
the hierarchical control arrangement described above, for example a hierarchical control 
arrangement having three or more levels. 

10 Moreover, it will be appreciated that the method 200 described above is merely 

exemplary, and that hierarchical control arrangements and devices such as LCDs utilizing 
them, may be fabricated using a wide variety of suitable methods. For example, 
interconnects, electrodes, and/or display material such as LCD material may be deposited 
onto flexible materials by a variety of suitable methods, including spraying, such as Inkjet 

15 spraying, screen printing, and lithography and etching. 

Displays of the sort described above may be coupled to other components as a part 
of a wide variety of devices, for display of various types of information. For example, a 
display may be coupled to a microprocessor, as part of a computer, cell phone, calculator, 
smart card, appliance, etc., for displaying information. 

20 Although the Invention has been shown and described with respect to a certain 

embodiment or embodiments, It is obvious that equivalent alterations and modifications will 
occur to others skilled in the art upon the reading and understanding of this specification 
and the annexed drawings. In particular regard to the various functions performed by the 
above described elements (components, assemblies, devices, compositions, etc.), the terms 

25 (including a reference to a "means") used to describe such elements are intended to 
correspond, unless othenA/ise indicated, to any element which performs the specified 
function of the described element (i.e., that is functionally equivalent), even though not 
structurally equivalent to the disclosed structure which performs the function in the herein 
illustrated exemplary embodiment or embodiments of the invention. In addition, while a 

30 particular feature of the invention may have been described above with respect to only one 
or more of several illustrated embodiments, such feature may be combined with one or 
more other features of the other embodiments, as may be desired and advantageous for 
any given or particular application. 
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1, A display comprising: 

a plurality of electrodes; and 
5 a multilevel, liierarchical control an^angement for selectively providing power to one 

or more the electrodes, the control arrangement including a plurality of low-level control 
elements connected to respective of the electrodes, and a plurality of high-level control 
elements operatively configured to be coupled to a power source and a reference voltage 
source or ground, wherein each of the high-level control elements is coupled to a respective 
1 0 subset of the low-level control elements. 

2. The display of claim 1, wherein each of the electrodes corresponds to respective 
of the low-level control elements, 

15 3. The display of claim 1, wherein each of the control elements has a substantially 

polygonal shape. 

4. The display of claim 1 , wherein each of the control elements has multiple power 
connection points and multiple ground connection points, the power connection points being 

20 operatively coupled together and the ground connection points being operatively coupled 
together, the power connection points and the ground connection points are substantially 
symmetric about a pair of orthogonal lines along a surface of the control element. 

5. The display of claim 4, wherein the power connection points of the high-level 
25 control elements are connected together; the ground connection points of the high-level 

control elements are connected together; the power connection points of each of the high- 
level control elements are coupled to the power connection points of the low-level control 
elements of the subset of low-level control elements corresponding to the respective high- 
level control element; and the ground connection points of each of the high-level control 
30 elements are coupled to the ground connection points of the low-level control elements of 
the subset of low-level control elements corresponding to the respective high-level control 
element. 

6. The display of claim 1, low-level control elements are different in size from the 
35 high-level control elements. 
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7. The display of claim 6, wlierein the cxsntrol elements are microstructure elements. 



8. The display of claim 7, wherein each of the microstructure elements has a 
substantially polygonal shape, and wherein each of the microstructure elements is 

5 functionally symmetric over a plurality of rotational orientations. 

9. The display of claim 7, wherein each of the microstructure elements contains a 
microprocessor. 

10 10. The display of claim 9, wherein the microprocessors are 4-bit microprocessors. 

1 1 . The display of claim 7, wherein the microstructure elements are self-aligning 
microstructure elements. 

15 12. The display of claim 1, further comprising a plastic substrate that includes 

recesses which accommodate the control elements. 

13. The display of claim 12, wherein the plastic substrate is flexible. 

20 14. The display of claim 1 . wherein the display is a liquid crystal display, and 

wherein the electrodes are row electrodes on a first side of a liquid crystal material, and 
further comprising a plurality of column electrodes on a second side of the liquid crystal 
material, the second side being opposite the first side, and a second multilevel, hierarchical 
control arrangement for selectively providing power to one or more of the column 

25 electrodes. 

15. The display of claim 14. wherein the liquid crystal material is a multlstable liquid 
crystal material. 

30 16. The display of claim 1, wherein the electrodes include row electrodes and 

column electrodes, and wherein the hierarchical control arrangement includes a first set of 
the control elements that are operatively coupled to the row electrodes, and a second set of 
the control elements that are operatively coupled to the column electrodes. 

35 1 7. A method for selectively activating one of a plurality of electrodes of a display, 

comprising: 
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sending a data signal through high-level control elements of a multilevel, hierarchical 
control arrangement, the data signal corresponding to one of the high-level control 
elements; 

routing the data signal through a subset of a plurality of low-level control elements, 
the subset of the low-level elements conresponding to and operatively coupled to the one of 
the high-level control elements, the data signal corresponding to one of the subset of the 
low-level elements; and 

activating the electrode, which is connected to the one of the subset of the low-level 
elements. 



18. The method of claim 17, wherein the control elements are microstructure 
elements each having an embedded microprocessor, and wherein the activating Includes 
using the embedded microprocessor of the one of the subset of the low-level elements to 
provide power from a power input on the one of the subset of the low-level elements to the 

1 5 electrode connected to the one of the subset of the low-level elements. 

19. The method of claim 18, wherein the microstructure elements are self aligning. 

20. The method of claim 17, wherein multiple of the electrodes are connected to the 
20 one of the subset of the low-level elements, wherein the data signal con^sponds to one of 

the multiple of the electrodes, and wherein the activating the electrode Includes activating 
the one of the multiple of the electrodes. 



21. The method of claim 17, wherein the display is a liquid crystal display. 

22. A flexible display, comprising first and second flexible electrode assemblies on 
opposite sides of a display material, wherein the first electrode assembly includes a plurality 
of row electrodes and the second electrode assembly includes a plurality of column 
electrodes. 

23. The display of claim 22, wherein the electrode assemblies each include a 
flexible substrate with one or more flexible layers thereupon, and wherein the one or more 
flexible layers include the electrodes and interconnects between the electrodes. 



35 24. The display of claim 22, wherein the electrode assemblies each include a 

substrate with recesses, and a plurality of discrete control elements in respective of the 
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25. The display of claim 24, wherein for each of the electrode assemblies the control 
elements include high-level control elements and low-level control elements anranged in a 

5 hierarchical control an^angement. 

26. The display of claim 25, wherein the high-level control elements are a different 
size than the low-level control elements. 

10 27. The display of claim 25, wherein the high-level control elements are a different 

shape than the low-level control elements. 

28. The display of claim 22, wherein the electrode assemblies each Include multiple 
conductive pads for external connection, the conductive pads operatively coupled a control 

1 5 arrangement for selectively providing power to the electrodes. 

29. The display of claim 28, wherein the conductive pads of the first electrode 
assembly are aligned with the conductive pads of the second electrode assembly. 

20 30. The display of daim 22, wherein the display material is a liquid crystal material. 

31 . The display of claim 30, wherein the liquid crystal material is a multistable liquid 
crystal material. 

25 32. A method of manufacturing a liquid crystal display, the method comprising: 

fomning on a flexible substrate a plurality electrodes and a control arrangement for 
selectively providing power to the electrodes, thereby forming electrode assemblies; and 
laminating a pair of the electrode assemblies together with a liquid crystal material 
therebetween, wherein one of the electrode assemblies includes a plurality of row 
30 electrodes and the other of the electrode assemblies includes a plurality of column 
electrodes. 

33. The method of claim 32, wherein the forming includes a roll forming operation. 

35 34. The method of claim 32, wherein the forming includes making recesses in the. 

substrate, and inserting control elements in respective of the recesses. 
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35. The method of claim 34. wherein the making the recesses Includes stamping the 
recesses into the substrate using a hot press. 



36. The method of claim 34, wherein the Inserting the control elements includes 
5 using a fluid self-assembly (FSA) process to insert the control elements. 

37. The method of claim 34, wherein the making the recesses includes making 
multiple sizes of recesses, and wherein the control elements have corresponding multiple 
sizes. 

10 

38. The method of claim 34, wherein the making the recesses includes making 
multiple shapes of recesses, and wherein the control elements have corresponding multiple 
shapes. 

16 39. The method of daim 32, wherein the forming the control anrangement includes 

forming a hierarchical control anrangement. 

40. The method of claim 32, wherein the forming the control arrangement includes 
adhering one or more layers of flexible TAB tape to the substrate. 

20 

41 . The method of daim 40, wherein the fomning the control anrangement further 
includes operatively coupling control elements to the electrodes by conductive traces that 
are part of the layers of flexible TAB tape. 

25 42. A method of fomning an electrode assembly, the method comprising: 

attaching a plurality of control elements to a substrate; 
coupling a plurality of electrodes to the substrate; and 
operatively coupling the control elements to the electrodes so as to form a 
hierarchical control anrangement for selectively providing power to the electrodes. 

30 

43. The method of claim 42, wherein the attaching includes inserting the control 
elements in recesses in the substrate. 

44. The method of claim 43, wherein the attaching further includes fomning the 
35 recesses prior to the inserting of the control elements. 
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45. The method of claim 44, wherein the fomiing the recesses includes stamping 
the recesses into the substrate using a hot press. 



46. The method of claim 45, wherein the inserting includes flowing a sluny over the 
5 substrate, wherein the slurry contains at least some of the control elements. 

47. The method of claim 45. wherein the recesses have multiple sizes and/or 
shapes, wherein the control elements have multiple sizes and/or shapes, and wherein the 
inserting includes sequentially flowing multiple slurries over the substrate, one of the slurries 

10 having control elements therein of a different size and/or shape than control elements in 
another of the slunies. 

48. The method of claim 42, wherein the coupling the electrodes includes adhering 
a TAB tape to the substrate, the TAB tape having the electrodes deposited thereupon. 

15 

49. The method of claim 42. wherein the control elements include high-level control 
elements and low-level control elements. 



50. The method of claim 49, wherein the control elements are functionally symmetric 
20 over a plurality of rotational orientations. 

51. The method of daim 49, wherein the high-level control elements have a different 
size and/or shape than the low-level control elements. 

25 52. The method of daim 49. wherein the operatively coupling the control elements 

to the electrodes indudes adhering one or more layers of flexible TAB tape to the substrate, 
the layers of TAB tape induding conductive interconnects for operatively coupling the high- 
level control elements to the low-level control elements, and for operatively coupling the low- 
level control elements to the electrodes. 

30 

53. A display comprising: 
a plurality of electrodes; 

multiple control elements, wherein each of at least some of the control elements are 
operatively coupled to a respective set of the electrodes; 
35 conductive pads for external connection to provide power, ground, and signals to the 

display, wherein the conductive pads are operatively coupled to the control elements; and 
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a system of conductive interconnects for operatively coupling the conductive pads to 
the control elements, and for operatively coupling the control elements to the electrodes, 
wherein the conductive interconnects do not overlap one another. 

54. The display of claim 53. wherein the control elements include low-level control 
elements connected to the electrodes, and high-level control elements connected to the low- 
level control elements and the conductive pads. 

55. The display of claim 54, wherein the conductive interconnects include power 
interconnects and ground interconnects, wherein the conductive pads Include a power 
conductive pad and a ground conductive pad, wherein the power interconnects provide 
power from the power conductive pad to the control elements, and wherein the ground 
interconnects provide ground or reference voltage from the ground conductive pad to the 
control elements. 

56. The method of claim 54, wherein the high-level control elements have a different 
size than the low-level control elements. 

57. The method of claim 54, wherein the high-level control elements have a different 
shape than the low-level control elements. 

58. The display of claim 53, wherein the display has no more than four conductive 

pads. 

59. The display of claim 53, wherein the control elements are functionally symmetric 
over a plurality of rotational orientations. 
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